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Many methods with different levels of analytical sensitivity and clinical specificity have been developed to detect the presence of
high-risk (HR) types of the human papillomavirus (HPV) in cervical samples. The Hybrid Capture II (HC-II) assay is broadly
used for primary screening. In addition, several HPV genotyping assays, based on PCR methods, display higher sensitivity than
the HC-II and are also used in screening programs. We evaluated the performance of three HPV DNA tests, namely, the HC-II,
the Linear Array (LA) HPV genotyping assay, and an HPV type-specific E7 PCR bead-based multiplex genotyping assay (TS-
MPG) that is a laboratory-developed method for the detection of HPV, in 94 women with atypical squamous cells of undeter-
mined significance (ASC-US) and in cytological samples from 86 women with a negative Pap test. The HPV prevalence with the
TS-MPG assay was increased compared to the prevalence with the LA and HC-II assays. The HPV DNA prevalence in women
with ASC-US was greater with the TS-MPG assay (46.2%) than with the LA (36.3%) and HC-II (29.7%) assays. The HPV DNA
prevalence in the control group was greater with the TS-MPG assay (32.1%) than with the LA assay (10.7%). Two women with
ASC-US who were HPV DNA negative by the HC-II and positive by the TS-MPG or/and LA assays had lesions that progressed to
low-grade squamous intraepithelial and high-grade squamous intraepithelial lesions. This study shows that the TS-MPG assay
exhibited higher analytical sensitivity than the LA and HC-II assays for the detection of HPV DNA, which reduces the potential
to incorrectly identify a woman’s HPV infection status.

Infection by high-risk (HR) types of the human papillomavirus
(HPV) has been demonstrated in almost all cervical carcinomas

(3, 41). Women with persistent infections of HR-HPV types have
a greater risk for developing premalignant lesions and therefore
require additional screening (22, 36). Previous studies have shown
that the risk of persistence and progression of infection differs by
genotype (20, 31). Therefore, HPV genotyping has important im-
plications in screening protocols, especially among women who
have been diagnosed with premalignant lesions.

DNA detection of HR-HPV types is applicable in several clin-
ical settings. HR-HPV DNA testing is recommended in combina-
tion with cytology in women 30 years or older and as a posttreat-
ment follow-up test (37). In addition, HPV testing has proven to
be useful for triage of the very problematic categories of equivocal
cytological results that account for around half of abnormal re-
sults, such as atypical squamous cells of undetermined signifi-
cance (ASC-US) (2).

The management of ASC-US, or a borderline Pap smear, has
been problematic because the majority of women with this Pap
result have no lesions, although approximately 5 to 11% have
high-grade cervical intraepithelial neoplasia (CIN) and 1 per
1,000 have cervical cancer (10).

A large panel of methods with different levels of analytical sen-
sitivity and clinical specificity has been developed to detect the
presence of HR-HPV papillomavirus in cervical samples. The Hy-
brid Capture II (HC-II) assay (Digene, Gaithersburg, MD) is
broadly used for primary screening in addition to cytology and for
the triage of ASC-US (1). Despite the relatively low analytical sen-
sitivity of the HC-II assay, which detects approximately 5,000 viral

copies/ml of cervical sample suspension (4), it has demonstrated
good clinical specificity to detect premalignant lesions (9).

In addition to HC-II, several HPV genotyping assays based on
PCR methods have been developed (12, 27, 30, 34, 38–40). PCR
amplification significantly increases the sensitivity of the HPV de-
tection assays. However, the HPV DNA detection sensitivity is
normally inversely correlated with the specificity in detecting cer-
vical lesions. Therefore, the use of the highly sensitive HPV DNA
detection methods in clinical settings is often questioned.

In this study, we evaluated the performance of three HPV DNA
tests, namely, the HC II assay, the Linear Array (LA) HPV geno-
typing assay (Roche Molecular Systems, Alameda, CA), and an
HPV type-specific E7 PCR bead-based multiplex genotyping assay
(TS-MPG) that is a laboratory-developed method (14, 33) for the
detection of HPV in women with ASC-US and in cytological sam-
ples from women with a negative Pap test.

MATERIALS AND METHODS
Study population and cervical tissue sample collection. In accordance
with the diagnostic criteria for the Bethesda System 2001 (35), cytological
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specimens from 94 women consecutively recruited and diagnosed with
atypical squamous cells of undetermined significance (ASC-US) were in-
cluded in the current analysis. According to the clinical protocol, fol-
low-up cytological examination data were available for 47 women with
ASC-US 1 year later. In addition, cytological samples from 86 women with
negative Pap tests without history of precancerous lesions or cervical can-
cer were selected.

The cytological samples were collected at the Gynecological Service of
the Children’s Hospital Burlo Garofolo, a clinic setting for cervical cancer
prevention. All study procedures have been approved by the IRCCS Burlo
Garofolo Ethical Committee (C.I.B. 118/10 09/02/2010).

Cervical samples were obtained using the Cervex brush device (Rovers
Medical Devices B.V., The Netherlands). Collected specimens were pre-
served in vials containing PreservCyt solution (Cytyc Corporation, Box-
borough, MA) and transferred to the laboratory for HPV testing.

HPV detection methods. (i) Hybrid Capture II assay. Sample mate-
rial collected in PreservCyt medium was made suitable for HC-II assay by
using a sample conversion kit (Digene Corporation). HPV DNA testing
by the HC-II assay method was performed automatically according to the
manufacturer’s protocol. HC-II is a sandwich capture molecular hybrid-
ization assay that utilizes chemiluminescent detection to provide a semi-
quantitative result. The assay is calibrated to detect approximately 5,000
genome equivalents per ml (or 1 pg/ml) of target HPV, represented by an
RLU (relative light unit) measurement greater than or equal to the cutoff
value calculated in each run by a series of standards. The samples were
analyzed for the presence of 13 HPV types, including 12 HR types (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and one pHR (probable
high-risk) type (HPV 68). The positive and negative controls provided
were included in each run.

(ii) Linear Array HPV genotyping test. The LA HPV genotyping test
(Roche Diagnostics) uses biotinylated primers to define a sequence of
nucleotides within the polymorphic L1 region of the HPV genome that is
approximately 450 bp long. A pool of HPV primers is designed to amplify
HPV DNA from 37 genotypes, including 20 HR-/pHR-HPV types (16, 26,
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 70, 73 and 82), as
defined in 2011 by the International Agency for Research on Cancer
(IARC) classification (15), and for amplification of the �-globin human
gene as a genomic DNA control. The LA assay was used manually as
described by the manufacturer. At least one replicate of the Linear Array
HPV-positive (HPV 16) and -negative controls was processed within each
run.

(iii) HPV type-specific E7 PCR bead-based multiplex genotyping.
The multiplex HPV type-specific E7 PCR utilizes HPV type-specific prim-
ers targeting the E7 region for the detection of 19 HR-/pHR-HPV types
(HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68a, 68b, 70,
73, and 82) and 2 low-risk (LR)-HPV types (HPV 6 and 11), with detec-
tion limits ranging from 10 to 1,000 copies of the viral genome. The
amplicon size varies between 210 and 258 bp. Two primers for amplifica-

tion of the �-globin gene were also included to provide a positive control
for the quality of the template DNA (14, 33). Following PCR amplifica-
tion, 10 �l of each reaction mixture was analyzed by MPG using the
Luminex technology (Luminex Corporation, Austin, TX) as described
previously (32, 33).

Statistical analysis. For the TS-MPG and LA assays, the independent
HPV type-specific DNA prevalence was estimated as the proportion of
patients who tested positive for DNA of a given HPV type. For each of the
three assays (i.e., HC-II, LA, and TS-MPG), DNA prevalence was also
calculated as the proportion of patients who tested positive for DNA for at
least one tested HPV type included in that particular assay. Comparisons
between the TS-MPG and LA assays for the number of HPV types testing
DNA positive were made using Fisher’s exact test. Agreement between
genotyping assays was estimated using the unadjusted kappa coefficient.
To compare the overall DNA prevalence found by the HC-II assay inde-
pendently with that found by the TS-MPG assay and by the LA assay, 2
different approaches were used to estimate the agreement rate. First, the
agreement rate was estimated regardless of the specific HPV types in-
cluded in the different assays. Second, the agreement rates were estimated
by restricting the prevalence estimates to include only those types com-
mon across the HC-II, TS-MPG, and LA assays.

RESULTS

Analyses were restricted to cervical specimens that tested positive
for the �-globin gene, corresponding to 91 women diagnosed with
ASC-US and 84 women with a negative Pap test serving as a con-
trol group. The median age of the women was 34.5 years for both
groups. Among the 91 women diagnosed with ASC-US, 29.7%
were identified as HPV DNA positive by the HC-II assay (Table 1).
In comparison, DNA prevalence among ASC-US cases was 26.4%
and 35.2% by the LA and TS-MPG assay, respectively, for HPV
types included in the HC-II assay (Table 1).

Additionally, 84 women with no history of precancerous le-
sions or cervical cancer were also tested by the LA and TS-MPG
assays. The HR-/pHR-HPV DNA prevalence among the controls
was lower than that observed among the ASC-US cases, with esti-
mated prevalences of 7.1% and 23.8% by the LA and TS-MPG
assays, respectively (Table 1).

The increase of HPV prevalence in the ASC-US group in com-
parison to the prevalence in the control group was detected inde-
pendently of the HPV genotyping assay (Table 1).

Table 2 presents the number of ASC-US cases that tested HPV
DNA positive either by the HC-II and TS-MPG assays or by the
HC-II and LA assays, as well as the independent agreement (un-
adjusted kappa test) between the HC-II assay and the TS-MPG

TABLE 1 HPV DNA prevalences in women with ASC-US and controls by HC-II, TS-MPG, and LA assays

Variable

Samples positive for HPV DNA by:

HC-II in ASC-
US patients
(n � 91)

LA TS-MPG

ASC-US
patients
(n � 91)

Controls
(n � 84)

ASC-US
patients
(n � 91)

Controls
(n � 84)

No. % No. % No. % No. % No. %

Any HPV typea 27 29.7 33 36.3 9 10.7 42 46.2 27 32.1
HPV types in both TS-MPG and LAb 27 29.7 30 33.0 9 10.7 40 44.0 23 27.4
HPV types in HC-IIc 27 29.7 24 26.4 6 7.1 32 35.2 20 23.8
a Prevalence of DNA not restricted to HPV types included in the HC-II, TS-MPG, or LA assays.
b Prevalence of DNA for HPV types included in both TS-MPG and LA assays.
c Prevalence of DNA for the 13 HR-/pHR-HPV types included in the HC-II assay.
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assay and the LA assay. Despite variations in the HPV types in-
cluded in each assay, the number of ASC-US cases that tested HPV
DNA positive was greater using the TS-MPG assay (Table 2). The
agreement between the HC-II and TS-MPG assays (kappa statistic �
0.70) and between the HC-II and LA assays (kappa statistic �
0.77) was substantial. Furthermore, restricting analyses to the
HPV types included in the HC-II assay did not significantly alter
the agreement rate of DNA detection between the TS-MPG and
HC-II assays (kappa statistic � 0.71) or the LA and HC-II assays
(kappa statistic � 0.74) (Table 2).

The DNA prevalence for any HPV type included in both assays
was greater for ASC-US patients (46.2%) and controls (32.1%)
with the TS-MPG assay than for ASC-US patients (36.3%) and
controls (10.7%) with the LA assay (Table 3). Additionally, com-
pared to the results for the LA assay, the TS-MPG assay detected a
statistically significantly higher proportion of multiple infections
among both ASC-US patients and controls (P � �0.0001) (Table
4). Specifically, 23 ASC-US patients were HPV positive for more

than one HPV type by TS-MPG, while 17 women were positive by
LA (Table 4). Among controls, 11 women were HPV positive for
more than one HPV type by TS-MPG, while only 3 women were
positive by LA (Table 4).

Nineteen women with ASC-US were HPV DNA positive for a
single HPV type by TS-MPG and 16 by LA. In the controls, 16
women were positive for a single HPV type by TS-MPG and 6 by
LA (Table 4).

The prevalence of specific HPV types established by highly sen-
sitive assay demonstrated that HPV 53 was highly prevalent in the
women with ASC-US using the LA assay (8.8%) and the TS-MPG
assay (14.3%) (Table 3). Among ASC-US cases, a greater preva-
lence of DNA of HPV types 16, 33, 35, 39, 45, 51, 53, 56, 59, and 66
was detected with the TS-MPG than with the LA assay (Table 3).
By the LA assay, HPV 16 was the predominant type (9.9%) present
in women with ASC-US, followed by HPV 53 (8.8%), while in

TABLE 2 ASC-US HPV DNA positivity by HC-II compared to that in
TS-MPG and LA assays

Variable

HC-II and TS-MPG HC-II and LA

No. of HPV
DNA-positive
samples

Kappa
coefficient

No. of HPV
DNA-positive
samples

Kappa
coefficient

Any HPV typea 23 0.70 21 0.77
HPV types in

HC-IIb

18 0.71 15 0.74

a DNA positivity not restricted to HPV types included in the HC-II, TS-MPG, or LA
assay.
b DNA positivity restricted to the 13 HR-/pHR-HPV types included in the HC-II assay.

TABLE 3 HPV DNA prevalence and agreement rate across TS-MPG and LA in women with ASC-US and controls

HPV
type

HPV DNA prevalence

ASC-US patients (n � 91) Controls (n � 84)

TS-MPG LA Kappa
coefficient
(%)

TS-MPG LA Kappa
coefficient
(%)No. % No. % No. % No. %

Anya 42 46.2 33 36.3 0.87 27 32.1 9 10.7 0.75
6 3 3.3 3 3.3 1.00 1 1.2 0 0.0 0.91
11 0 0.0 0 0.0 1.00 0 0.0 0 0.0 0.92
16 11 12.1 9 9.9 0.98 7 8.3 2 2.4 0.86
18 0 0.0 0 0.0 1.00 1 1.2 0 0.0 0.91
26 0 0.0 0 0.0 1.00 0 0.0 0 0.0 0.92
31 5 5.5 5 5.5 1.00 5 6.0 1 1.2 0.87
33 6 6.6 3 3.3 0.96 0 0.0 0 0.0 0.92
35 2 2.2 1 1.0 0.99 0 0.0 0 0.0 0.92
39 7 7.7 4 4.4 0.96 1 1.2 1 1.2 0.92
45 2 2.2 1 1.1 0.99 2 2.4 0 0.0 0.89
51 3 3.3 1 1.1 0.98 1 1.2 0 0.0 0.91
52 0 0.0 0 0.0 1.00 1 1.2 0 0.0 0.91
53 13 14.3 8 8.8 0.94 3 3.6 4 4.8 0.91
56 1 1.1 0 0.0 0.99 3 3.6 0 0.0 0.88
58 1 1.1 1 1.1 1.00 4 4.8 1 1.2 0.88
59 6 6.6 2 2.2 0.95 3 3.6 1 1.2 0.47
66 3 3.3 0 0.0 0.00 2 2.4 1 1.2 0.91
68 0 0.0 0 0.0 1.00 0 0.0 0 0.0 0.92
82 0 0.0 1 1.1 0.99 0 0.0 0 0.0 0.92
a Prevalence of DNA positivity for HPV types included in both TS-MPG and LA assays.

TABLE 4 HPV DNA prevalence for multiple infections in women with
ASC-US and controls across TS-MPG and LA assays

No. of
infectionsa

HPV DNA prevalence

ASC-US patients (n � 91) Controls (n � 84)

TS-MPG LA

Pb

TS-MPG LA

PbNo. % No. % No. % No. %

0 49 53.9 58 63.7 57 67.9 75 89.3
1 19 20.9 16 17.6 16 19.1 6 7.1
2 20 22.0 14 15.4 7 8.3 3 3.6
�3 3 3.3 3 3.3 �.0001 4 4.8 0 0.0 �.0001
a Prevalence of DNA positivity for HPV types included in both TS-MPG and LA assays.
b Fisher’s exact P value.
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women with ASC-US tested by TS-MPG, the predominant type
was HPV 53 (14.3%), followed by HPV 16 (12.1%). The rank of
other HPV types differed according to the HPV DNA test used.
Among ASC-US cases, with the exception of HPV 66 (kappa sta-
tistic � 0.00), the unadjusted kappa statistic test demonstrated
almost perfect agreement between the TS-MPG and LA assays
(kappa statistic ranging from 0.87 to 1.00) (Table 3). Among con-
trols, a higher DNA prevalence was detected for HPV types 6, 16,
18, 31, 45, 51, 52, 56, 58, 59, and 66 with the TS-MPG assay than
with the LA assay, respectively (Table 3). HPV 16 was the predom-
inant type (8.3%), followed by HPV 31 (6.0%), when the samples
were tested by TS-MPG, while in women tested by LA, the pre-
dominant type was HPV 53 (4.8%), followed by HPV 16 (2.4%).
Additionally, among controls, the agreement between the geno-
typing assays was substantial for any HPV type (kappa statistic �
0.75), moderate for HPV 59 (kappa statistic � 0.47), and almost
perfect for all other types (kappa statistic ranging from 0.86 to
0.92) (Table 3).

Of the 91 ASC-US patients, 19 (20.9%) tested DNA positive for
any HPV type included in the TS-MPG and/or LA assays but HPV
DNA negative by the HC-II assay (data not shown). Among the 19
samples, 12 were HPV positive by the LA and TS-MPG assays, and
7 were HPV positive by the TS-MPG assay only. Six of 19 samples
(31.5%) were infected with HPV types 6, 53, 66, and 68a, which
are not included in the HC-II assay (data not shown).

Without restricting the analysis to the 13 HPV types included
in the HC-II assay, we found that 7 women were HPV positive by
HC-II and HPV negative by the TS-MPG and/or LA assays. Spe-
cifically, 6 women were HPV negative by LA and 4 by TS-MPG.

In addition, follow-up cytological examination data were
available for only 47 out of 91 women with ASC-US 1 year later. At
the initial visit, 15 of 47 women with ASC-US (31.9%) were HPV
positive by HC-II and by TS-MPG and/or LA. Twenty-one of 47
women with ASC-US (44.6%) were HPV negative by the HC-II,
TS-MPG, and LA assays. Ten of 47 (21.2%) were HPV DNA neg-
ative as determined by the HC-II assay, while they tested positive
by the TS-MPG and/or LA assays. One ASC-US patient of 47
(2.1%) was HPV DNA positive as determined by the HC-II assay
only.

The data showed that 5 of 47 patients (10.6%) were diagnosed
with higher-grade cervical lesions in the second visit. Specifically,
three patients had a cytological diagnosis of low-grade squamous
intraepithelial lesion (LGSIL), and two had a high-grade squa-
mous intraepithelial lesion (HGSIL). One HGSIL and one LGSIL
patient were found to be positive for HPV types 33, 51, and 70 by
the TS-MPG and/or LA assays and negative by HC-II. The three
other patients (2 LGSIL and 1 HGSIL) were HPV positive by
HC-II and TS-MPG and/or LA. None of the ASC-US patients that
were concomitantly HPV negative by the HC-II, TS-MPG, and LA
assays had developed higher-grade cervical lesions 1 year later.

Among patients with negative cytological data in the second
visit (n � 41; 87.2%), 6 women who were HPV negative by HC-II
were found to be HPV positive at the first visit by using highly
sensitive HPV DNA detection assays. Of these, 4 out of 6 were
found to be HPV positive by the TS-MPG and LA assays, and 2 out
of 6 were found to be HPV positive by TS-MPG only.

DISCUSSION

New technologies for rapid, specific, sensitive, and cost-effective
methods to enable HPV detection and genotyping in a clinical

setting are being actively investigated. Although the performance
indicators of the adopted test depend on HPV prevalence in the
target population, HPV testing has been widely adopted for the
triage of patients with ASC-US (1, 42) and as an adjunct to cervical
cytology analysis as a primary screening tool in women older than
30 years (26). Biopsy specimens revealed that 22.2% of patients
with a cytological diagnosis of ASC-US had concurrent cervical
intraepithelial neoplasia (CIN). CIN grades 1 and 2/3 were iden-
tified in 16.9% and 5.3% of women with ASC-US, respectively
(19).

In Italy, the frequency of ASC-US diagnosis is extremely vari-
able and is underestimated with a median value of 3% (range, 0 to
7%) (25). Currently, the HC-II assay is widely used for the triage
of ASC-US cases (1).

In this study, two highly sensitive HPV DNA detection meth-
ods were evaluated by testing HPV DNA in a series of ASC-US and
normal cytological samples. The results from the TS-MPG and the
LA assays were then compared with those of the HC-II HPV assay.
We found substantial agreements between the assays (HC-II ver-
sus TS-MPG and HC-II versus LA), with kappa values ranging
from 0.70 to 0.77. The agreement was almost perfect (kappa sta-
tistic � 0.87) when the TS-MPG and LA assays were compared for
HPV types included in both assays.

However, the TS-MPG assay increased the rate of detection of
HPV DNA compared to the rates of detection of the LA and HC-II
assays. For ASC-US samples, the DNA prevalence for any HPV
type included in each assay was greater with the TS-MPG assay
(46.2%) than with the LA (36.3%) and HC-II (29.7%) assays.
When we restricted the analysis to the 13 HPV types included in
the HC-II assay, the TS-MPG remained the most sensitive assay,
with an HPV DNA prevalence of 35.2%, compared to 26.4% for
the LA assay and 29.7% for the HC-II assay. The same trend was
observed in the controls, where the TS-MPG assay appeared to be
more sensitive than the LA assay. As expected, the HR-/pHR-HPV
DNA prevalence among controls was lower than that observed
among the ASC-US cases, with estimated prevalences of 7.1% and
23.8% by the LA and TS-MPG assays, respectively.

The DNA prevalence for any HPV type included in both assays
was greater for ASC-US patients and controls with the TS-MPG
assay than with the LA assay. In controls, the prevalence of HPV 16
was 8.3% for the samples tested by TS-MPG, while the HPV 16
prevalence dropped to 2.4% with the LA assay, underlining the
higher sensitivity of the TS-MPG assay than of the LA assay for the
detection of this HPV type. This trend is confirmed by the fact that
most of the types included in both assays (HPV 6, 16, 18, 31, 45,
51, 52, 56, 58, 59, and 66) were preferentially detected by the
TS-MPG assay. Similarly, in women with ASC-US, a greater DNA
prevalence for most of the HPV types included in both assays
(HPV 16, 33, 35, 39, 45, 51, 53, 56, 59, and 66) was detected with
the TS-MPG assay than with the LA assay, which confirms the
ultrasensitivity of the TS-MPG assay (33).

The higher sensitivity of the TS-MPG assay than of the LA assay
for the detection of specific HPV types can be explained by the
different amplicon lengths which are generated by the two assays.
The size of amplicons generated by the TS-MPG assay varies be-
tween 210 and 258 bp, while the amplicons generated by LA are
twice as long (450 bp).

Interestingly, HPV 53 was highly prevalent in the ASC-US le-
sions with the LA (8.8%) and the TS-MPG (14.3%) assays, fol-
lowed by HPV 16 (9.9% and 12.1%, respectively). HPV 53 was
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originally isolated from a woman without cytological abnormality
(13) and subsequently classified as a pHR-HPV type, although its
association with the development of neoplastic cervical disease has
not been established. Nevertheless, specific mutations in the L1
gene of HPV 53 were recently found to be associated with LGSIL
lesions, although they cannot presently be considered predictive
of a further worsening of the cervical pathology (7).

Additionally, TS-MPG was able to detect the presence of coin-
fections and demonstrate that the prevalence of low-copy-num-
ber HPV infections in an ASC-US lesion may be underestimated
by LA. The TS-MPG assay detected a statistically significantly
greater proportion of multiple infections among both ASC-US
patients and controls (P � �0.0001) than the LA assay (25.3%
versus 18.7% and 13.1% versus 3.6%, respectively). The increased
sensitivity of the TS-MPG assay for the detection of multiple HPV
infections can be explained by the use of HPV type-specific prim-
ers rather than only one pair of consensus primers as for the LA
assays (14, 33). In the case of multiple infections, different HPV
types will not compete for the same primer set, which is in contrast
to the case for the LA assay.

To date, 20 to 40% of HPV-positive women have been re-
ported to be infected with multiple HPV genotypes (17). These
multiple infections are found more frequently among younger
women (5, 18) and in patients with cytological abnormalities of
different grades. In this series of ASC-US samples, the high sensi-
tivity of the TS-MPG assay confirmed the widespread presence of
multiple HPV types with a low viral load. Coinfections with mul-
tiple HPV types could play a role in the induction and progression
of the low-grade cervical lesion (8, 11, 16, 21, 28).

We have shown that among the 91 ASC-US patients, 7 women
with ASC-US were HPV positive by the HC-II and HPV negative
by the TS-MPG and/or LA assays. Specifically, 6 women were HPV
negative by LA and 4 by TS-MPG. The possibility of false-negative
results could be due to mutations, natural variations, or deletions
leading to an HPV DNA-negative result by the LA or TS-MPG
assays, Alternatively, we can hypothesize that known or unknown
HPV types which are not included in the TS-MPG and LA assays
cross-reacted with the HC-II probe cocktail (6, 23, 24, 29).

Of the 91 ASC-US patients, 19 tested DNA positive for any
HPV type included in the TS-MPG and/or LA assays but HPV
DNA negative by the HC-II assay. However, 6 of these 19 women
were infected with HPV types not included in the HC-II assay. Ten
of these 19 women with ASC-US had a follow-up sample available.
Interestingly, 2 of them who tested DNA positive for the HR-HPV
types 33 and 51 had lesions that progressed 1 year later to HGSIL
and LGSIL. However, 8 ASC-US patients regressed to a negative
Pap test (n � 7) or remained ASC-US (n � 1), showing a limited
benefit of the use of highly sensitive HPV DNA detection methods
in the triage of ASC-US patients.

Among patients with a negative Pap test in the second visit, 6
women who were HPV negative by HC-II were found to be HPV
positive by using highly sensitive HPV DNA detection assays 1
year earlier. Although the positive predictive value may increase
with increased analytical sensitivity, this is clearly in detriment to
the negative predictive value and clinical specificity of the HPV
assay in the triage of women with ASC-US.

Given our results, although the highly sensitive HPV DNA tests
appear to perform better at the analytical level than the HC-II
assay, the clinical benefit remains limited to a widespread use of
such tests in the triage of ASC-US patients, which could contribute

to unnecessary procedures and expenses. However, the number of
follow-up cytological examination data available (n � 47) is too
small to determine whether highly sensitive HPV DNA tests
should be used instead of the HC-II assay in the triage of women
with ASC-US. Additional and larger follow-up studies including
ASC-US patients are needed to draw conclusions about the use
of highly sensitive HPV DNA tests in the triage of women with
ASC-US.

In conclusion, the TS-MPG assay appears to be highly sensitive
and suited for research purposes, to analyze the significance of
multiple infections in the development of cervical lesions, to study
the natural history and latency of HPV infection, and to monitor
the impact of HPV vaccination in the targeted population.
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